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1
LIGHT SOURCE APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light source apparatus.

2. Description of the Related Art

Conventionally, cold cathode fluorescent lamps (CCFLs)
have been used as the light sources of backlight apparatuses
for liquid crystal display units. In recent years, however,
backlight apparatuses using light emitting diodes (LEDs) as
the light sources thereof have become widespread. From the
standpoint that LEDs are point light sources, 1t 1s necessary to
consider, when using the LEDs as the light sources of back-
light apparatuses, the arrangement of the LEDs, the diffusion
structure of light, the reflection structure of light, or the like to
reduce brightness unevenness and color unevenness. Since
brightness unevenness and color unevenness are easily
caused 1n backlight apparatuses using LEDs of a plurality of
colors such as red, green, and blue colors, consideration 1s
particularly given to the arrangement of the LEDs, the diffu-
s1on structure of light, the reflection structure of light, or the
like.

Technology to reduce color unevenness caused 1n a back-

light apparatus using LEDs of the three colors of red, green,
and blue colors, 1s disclosed 1n, for example, Japanese Patent
Application Laid-open No. 2008-034361. In the technology
disclosed 1n Japanese Patent Application Laid-open No.
2008-034361, a plurality of types of light emission clusters
having the red LEDs thereof arranged in different positions 1s
constituted as light emission clusters in which the LEDs of the
three colors described above are arranged 1n a triangle. Fur-
ther, the types of the light emission clusters arranged are
changed according to the arrangement positions of the light
emission clusters.
In addition, there i1s technology of using LEDs as point
light sources and separately controlling the light emission
brightness of the LEDs to partially change the brightness of
backlight apparatuses and improve the contrast of display
images. The control of light emission brightness as described
above 1s generally called local dimming control. In the local
dimming control, for each of a plurality of divided regions
constituting a screen, the brightness value of an 1image signal
1s analyzed and the light emission brightness of correspond-
ing light sources 1s controlled based on the analysis result of
the brightness value. Thus, the contrast of a display image 1s
improved. In addition, by the use of the light sources of a
plurality of colors as light sources corresponding to the
divided regions, not only the light emission brightness of a
backlight apparatus but the colors to be emitted may be
changed for each of the divided reglons Specifically, by the
change of the ratio of the light emission brlg 1tness between
the light sources of the plurality of colors, the colors to be
emitted from the backlight apparatus may be changed. By the
control of the colors to be emitted from the backlight appa-
ratus for each of the divided regions, the color gamut of a
display 1mage may be expanded.

Technology to reduce color unevenness caused 1n a back-
light apparatus capable of performing the local dimming con-

trol 1s disclosed 1n, for example, Japanese Patent Application
Laid-open No. 2008-003220. Specifically, Japanese Patent

Application Laid-open No. 2008-003220 discloses the tech-
nology to reduce color unevenness caused 1n an outer edge
part. In the technology disclosed 1n Japanese Patent Applica-
tion Laid-open No. 2008-003220, each of a plurality of light
source units (light emission clusters) corresponding to a plu-
rality of divided regions 1s constituted of a plurality of red,
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2

green, and blue LEDs. Further, for each of the light source
units, the LEDs are arranged such that the centroid of bright-
ness profiles based on the plurality of red LEDs, the centroid
ol brightness profiles based on the plurality of green LEDs,
and the centroid of brightness profiles based on the plurality

of blue LEDs substantially match the centroid of the light
source unit.

SUMMARY OF THE INVENTION

However, when the local dimming control 1s performed by
the backlight apparatus including the plurality of light emais-
s1on clusters each having the LEDs of the plurality of colors,
color unevenness 1s caused between the light emission clus-
ters due to a difference in the light emission brightness
between the light emission clusters. Specifically, when the
light emission brightness between the light emission clusters
1s different, a difference in the light emission brightness
between the light emission clusters on a specific color 1s
percerved as color unevenness.

The technology disclosed 1n Japanese Patent Application
Laid-open No. 2008-034361 i1s aimed at reducing color
unevenness caused at the upper, lower, and corner parts of a
screen when all the light emission clusters are caused to emit
light with the same light emission brightness but does not
consider color unevenness caused when the local dimming
control 1s performed. In addition, the technology disclosed 1n
Japanese Patent Application Laid-open No. 2008-003220 1s
aimed at reducing, rather than the color unevenness caused
when the local dimming control 1s performed, color uneven-
ness caused when the composition (color mixture) of the light
emitted from the LEDs of the respective colors 1s different
between central and outer edge parts. Therefore, even with the
technology disclosed 1n Japanese Patent Application Laid-
open No. 2008-034361 and Japanese Patent Application
Laid-open No. 2008-003220, the color unevenness between
the light emission clusters caused when the local dimming
control 1s performed may not be reduced.

The present invention provides a light source apparatus
capable of reducing the color unevenness between a plurality
of light emission clusters caused when local dimming control
1s performed by the light source apparatus including the plu-
rality of light emission clusters each having light sources of a
plurality of colors.

The present mvention 1n 1ts first aspect provides a light
source apparatus capable of controlling brightness of light
emitted for each light emission cluster,

the light source apparatus comprising:

a plurality of light emission clusters arranged in a matrix
pattern, wherein

the light emission cluster has four sub light emission clus-
ters of two rows and two columns,

the sub light emission cluster has a plurality of light
sources, the plurality of light sources having a first light
source that emits light of a first color and a second light source
that emits light of a second color, a difference 1n brightness of
the second color being more easily perceived than a ditfer-
ence 1 brightness of the first color, and

an interval between a center of the light emission cluster
and the second light source of the light emission cluster 1s
greater than or equal to an 1nterval between the center of the
light emission cluster and the first light source of the light
emission cluster.

The present invention 1n 1ts second aspect provides a light
source apparatus capable of controlling brightness of light
emitted for each light emission cluster,

the light source apparatus comprising:
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a plurality of light emission clusters arranged 1n a matrix
pattern, wherein

the light emission cluster has a plurality of light sources,
the plurality of light sources having a first light source that
emits light of a first color and a second light source that emaits
light of a second color, a difference in brightness of the second
color being more easily perceived than a difference in bright-
ness of the first color, and

an 1nterval between the second light source of the light
emission cluster and the second light source of the adjacent
light emission cluster 1s smaller than an interval between the
first light source of the light emission cluster and the first light
source of the adjacent light emission cluster.

According to the present invention, the color unevenness
between the light emission clusters caused when the local
dimming control 1s performed by the light source apparatus
including the plurality of light emission clusters each having
the light sources of the plurality of colors can be reduced.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing an example of the configura-
tion of a light source apparatus according to a first embodi-
ment;

FIG. 2 15 a diagram showing an example of the configura-
tion of a light source apparatus according to a second embodi-
ment,

FIG. 3 1s a graph showing an example of the spectral
characteristics of a cyan LED according to the second
embodiment;

FIG. 4 1s a diagram showing another example of the con-
figuration of the light source apparatus according to the first
embodiment;

FIG. 5 1s a diagram showing another example of the con-
figuration of the light source apparatus according to the first
embodiment; and

FIG. 6 1s a diagram showing another example of the con-
figuration of the light source apparatus according to the first
embodiment.

DESCRIPTION OF THE EMBODIMENTS

First Embodiment

Hereinafter, a description will be given of a light source
apparatus according to a first embodiment of the present
invention. The light source apparatus according to the
embodiment 1s a light source apparatus capable of performing
local dimming control. The light source apparatus according
to the embodiment may be used as, for example, a backlight
apparatus for a liquid crystal display unat.

Note that the light source apparatus according to the
embodiment 1s not limited to a backlight apparatus. For
example, the light source apparatus according to the embodi-
ment may be used as the light source apparatus of a display
unit (such as an advertisement sign unit and a sign display
unit) that allows light to pass through to display an image. In
addition, the light source apparatus according to the embodi-
ment may be used as the light source apparatus of a unit other
than a display unit such as indoor lighting and a street light.

FIG. 1 shows an example of the configuration of a light
source apparatus 100 according to the embodiment.

As shown 1n FIG. 1, the light source apparatus 100 has a
plurality of light emission clusters 13 arranged 1n a matrix
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4

pattern. In the example of FIG. 1, the light source apparatus
100 has the nine light emission clusters 13 of three rows and
three columns.

Note that the plurality of light emission clusters 13 may or
may not be separated from each other.

Note that the number of the light emission clusters 1s not
limited to nine. The number of the light emission clusters may
be greater or smaller than nine. For example, the plurality of
light emission clusters may be four light emission clusters of
two rows and two columns, 16 light emission clusters of four
rows and four columns, or ten light emission clusters of two
rows and five columns.

The light emission cluster 13 has a plurality of light sources
including first light sources that emit the light of a first color
and second light sources that emit the light of a second color,
a difference 1n the brightness of the second color being more
casily percerved than a difference 1n the brightness of the first

color. Specifically, the light emission cluster 13 has green
LEDs 10 (G light sources), red LEDs 11 (R light sources), and

blue LEDs 12 (B light sources). The green LED 10 1s a light
source that emits the light of a green color, specifically light
having a main wavelength range 01490 nm to 549 nm. Thered
LED 11 1s a light source that emaits the light of a red color,
specifically light having a main wavelength range of greater
than orequalto 611 nm. The blue LED 12 1s a light source that
emits the light of a blue color, specifically light having a main
wavelength range of 430 nm to 490 nm. The CIE1976 UCS
chromaticity diagram shows that a difference 1n the bright-
ness of red and blue colors 1s more easily percerved than a
difference 1n the brightness of a green color due to a human’s
color vision. Therefore, in the embodiment, the green color 1s
the first color, the red color 1s the second color, the blue color
1s a third color, the green LED 10 1s the first light source, the
red LED 11 1s the second light source, and the blue LED 12 1s
a third light source. In addition, the center of the light emis-
s1on cluster 13 1s described as P1 1n the embodiment.

Note that the green color may be the first color, the red color
may be the third color, the blue color may be the second color,
the green LED 10 may be the first light source, thered LED 11
may be the third light source, and the blue LED 12 may be the
second light source.

Note that the light sources are not limited to light emission
diodes (LEDs). For example, the light sources may be organic
EL devices or the like.

In the embodiment, the brightness of light to be emaitted 1s
controlled for each of the light emission clusters when the
local dimming control 1s performed. In addition, in the
embodiment, the light emission brightness of each of the
plurality of light sources of the light emission cluster 1s con-
trolled so as to emit the light of a predetermined color from
the light emission cluster when the local dimming control 1s
performed. Specifically, 1n order to emait the light of a white
color from the light emission cluster, the light emission
brightness of the first to third light sources 1s controlled such
that the ratio between the light emission brightness of the first
light source, the light emission brightness of the second light
source, and the light emission brightness of the third light
source 1s 7:3:1. In addition, 1n the embodiment, the color
gamut of the light of the predetermined color may be more
expanded by the use of the light sources of the plurality of
colors compared with a case 1n which the light sources of a
plain color are used. Specifically, the chromaticity point of the
light of the predetermined color may be changed by the fine
adjustment of the ratio of the light emission brightness
between the first, second, and third light sources.

Note that the predetermined color 1s not limited to a white
color.
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When the light source apparatus 100 1s a light source appa-
ratus for a display unit, the plurality of light emission clusters
13 1s provided so as to correspond to a plurality of divided
regions constituting a screen. For example, the light emission
clusters 13 are provided so as to apply light to corresponding
divided regions (divided regions corresponding to the light
emission clusters 13) on the back surface of a display panel.
Specifically, the light emission clusters 13 are provided so as
to make the centers P1 thereof align with the centers of the
corresponding divided regions. The light emission clusters 13
are the same 1n size as the divided regions, and the divided
regions and the light emission clusters 13 are formed 1nto
squares. When the screen has an aspect ratio of 16:9 1 the
horizontal direction and the vertical direction, respectively,
the square divided regions are obtained in such a way that the
screen 1s divided 1n the horizontal direction by a multiple of
16 and divided in the vertical direction by a multiple of nine.
The number of the divided regions 1s determined according
to, for example, a contrast required 1n the display unit.

Note that the light emission clusters 13 may be greater or
smaller 1n size than the divided regions.

In addition, the divided regions and the light emission
clusters 13 may not be necessarily formed into squares. For
example, the light emission clusters 13 may be formed into
quadrangles (such as rectangles, parallelograms, and trap-
ezoids), circles, triangles, pentagons, or the like other than
squares.

The light emission cluster 13 has four sub light emission
clusters 14 of two rows and two columns. The sub light
emission cluster 14 has the plurality of light sources (plurality
of light sources including the first and second light sources)

described above. Specifically, the sub light emission cluster
14 has the green LED 10, the red LED 11, and the blue LED

12.

Note that the four sub light emission clusters of the light
emission cluster 13 may or may not be separated from each
other.

Note that a reflection wall having high light reflectivity
may be provided at the outer edge part (end) of the light
source apparatus 100 to improve the brightness and the color
mixture (composition (color mixture) of the light emitted
from the first to third light sources) at the outer edge part.
When the light source apparatus 100 1s a light source appa-
ratus for a display unit, the retlection wall may be provided
only to surround the display region (screen region) of the
display unit or a region including the display region (region
wider than the display region).

A description will be given of the arrangement of the light
sources 1n the light source apparatus according to the embodi-
ment.

First, the arrangement of the green LEDs 10 serving as the
first light sources will be described.

In the embodiment, the green LED 10 1s arranged at the
center of each of the sub light emission clusters 14. In the
example of FIG. 1, the light emission region (region where
light 1s to be emitted) of the light source apparatus 100 1s
formed 1nto a square. The light emission region of the light
emission cluster 13 1s a square region obtained by evenly
dividing the light emission region of the light source appara-
tus 100 into the regions of three rows and three columns.
Further, the light emission region of the sub light emission
cluster 14 1s a square (square having a one-side length of C1)
region obtained by evenly dividing the light emission region
of the light emission cluster 13 into the regions of two rows
and two columns. Accordingly, in the embodiment, the light
source apparatus has the 36 sub light emission clusters 14 1n
total. Further, the green LED 10 1s arranged 1n each of the sub
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light emission clusters 14 such that the interval of the green
LEDs 10 1n the horizontal (row) and vertical (column) direc-
tions 1s C1. As described above, the green LED 10 1s a light
source that emits the light of the highest brightness among the
plurality of light sources (green, red, and blue LEDs) when
the light of a white color 1s obtained from the light emission
cluster. By the arrangement of such light sources (green
LEDs) at the centers ol the sub light emission clusters, bright-
ness unevenness may be reduced when all the light emission
clusters are caused to emit light with the same light emission
brightness. In other words, by the arrangement of the green
LEDs at even intervals, brightness unevenness may be
reduced when all the light emission clusters are caused to emit
light with the same light emission brightness.

Next, a description will be given of the arrangement of the
red LEDs 11 serving as the second light sources and the blue
LEDs 12 serving as the third light sources.

As described above, a difference in the brightness of the red
and blue colors 1s more easily perceived than a difference 1n
the brightness of the green color. Therefore, a difference in
the light emission brightness of the red LEDs 11 between the
light emission clusters adjacent to each other and a difference
in the light emission brightness of the blue LEDs 12 between
the light emission clusters adjacent to each other are easily
percerved as color unevenness when the local dimming con-
trol 1s performed.

Therefore, in the embodiment, the red LEDs 11 are
arranged such that that interval of the red LEDs 11 between
the light emission clusters adjacent to each other become
small. Thus, the color mixture between red light emitted from
the red LED 11 of a light emission cluster and red light
emitted from the red LED 11 of a light emission adjacent to
the light emission cluster may be improved. As a result, a
difference 1n the light emission brightness of the red LEDs 11
between the light emission clusters adjacent to each other 1s
hardly perceived, and the color unevenness between the light
emission clusters may be reduced.

Similarly, i the embodiment, the blue LEDs 12 are
arranged such that the interval of the blue LEDs 12 between
the light emission cluster adjacent to each other becomes
small. Thus, the color mixture between blue light emitted
from the blue LED 12 of the light emission cluster and blue
light emitted from the blue LED 12 of the light emission
cluster adjacent to the light emission cluster may be
improved. As a result, a difference in the light emission
brightness of the blue LEDs 12 between the light emission
clusters adjacent to each other 1s hardly perceived, and the
color unevenness between the light emission clusters may be
reduced.

Note that the LEDs may be arranged such that the interval
of the LEDs between the light emission clusters adjacent to
cach other becomes small only for the red LEDs 11 or the blue
LEDs 12. When the LEDs are arranged such that the interval
of the LEDs (LEDs that emit light whose difference 1s easily
percetved) between the light emission clusters adjacent to
each other becomes small, color unevenness due to a differ-
ence 1n the light emission brightness of the LEDs may be
reduced.

The arrangement of the red LEDs 11 and the blue LEDs 12
will be described more 1n detail.

In the embodiment, the red LEDs 11 and the blue LEDs 12
are arranged so as to satisly following Conditional Expres-
sions 1 and 2. In Conditional Expressions 1 and 2, Al repre-
sents the interval between the center P1 of the light emission
cluster and the green LED 10 of the light emission cluster. Bl
represents the interval between the center P1 of the light
emission cluster and the red LED 11 of the light emission
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cluster and the interval between the center P1 of the light
emission cluster and the blue LED 12 of the light emission
cluster. C1 represents the interval of the green LEDs 10
between the light emission clusters adjacent to each other
(interval of the green LEDs 1n the vertical and horizontal
directions). D1 represents the interval of the red LEDs 11
between the light emission clusters adjacent to each other and
the interval of the blue LEDs 12 between the light emission
clusters adjacent to each other.

Al=h1 (Conditional Expression 1)

D1<(C1 (Conditional Expression 2)

Conditional Expression 1 expresses the condition that the
intervals between the center of the light emission cluster and
the red and blue LEDs of the light emission cluster are greater
than or equal to the interval between the center of the light
emission cluster and the green LED of the light emission
cluster. Conditional Expression 2 expresses the condition that
the interval of the green LEDs between the light emission
clusters adjacent to each other 1s greater than the intervals of
the red and blue LEDs between the light emission clusters
adjacent to each other. By the arrangement of the LEDs to
satisty Conditional Expressions 1 and 2, the intervals of the
red and blue LEDs 11 and 12 between the light emission
clusters adjacent to each other may be smaller than the inter-
val of the green LEDs 10 between the light emission clusters
adjacent to each other, and thus the color unevenness between
the light emission clusters may be reduced.

In the example of FI1G. 1, the three LEDs (green, red, and
blue LEDs) of the sub light emission cluster arranged 1n the
second column of the first row among the four sub light
emission clusters of the two rows and the two columns are
arranged side by side 1n the direction of 45° relative to the
horizontal direction. The three LEDs of the sub light emission
cluster arranged 1n the first column of the second row are also
arranged side by side 1n the direction of 45° relative to the
horizontal direction. In addition, the three LEDs of the sub
light emission cluster arranged 1n the first column of the first
row and the three LEDs of the sub light emission cluster
arranged 1n the second column of the second row are arranged
side by side 1n the direction of 135° relative to the horizontal
direction.

By such an arrangement of the LEDs, Conditional Expres-
sions 1 and 2 are satisfied.

As described above, according to the embodiment, each of
the light sources 1s arranged so as to satisty above Conditional
Expressions 1 and 2. Thus, the color unevenness between the
light emission clusters caused when the local dimming con-
trol 1s performed by the light source apparatus including the
plurality of light emission clusters each having the light
sources of the plurality of colors may be reduced.

Note that FIG. 1 shows an example of a case in which
Al<B1 1s established. However, as seen 1in Conditional
Expression 1, A1=B1 may also be established. FIG. 4 shows
an example of a case 1n which A1=B1 1s established. Since
Conditional Expressions 1 and 2 are satisfied also in the
example of FIG. 4, the color unevenness between the light
emission clusters may be reduced.

Note that when Conditional Expression 2 1s satisfied, the
interval of the red LEDs 11 between the light emission clus-
ters adjacent to each other and the interval of the blue LEDs
12 between the light emission clusters adjacent to each other
may bereduced. As a result, the color unevenness between the
light emission clusters may be reduced. Therefore, each of the
light sources may be arranged so as to satisty only Condi-
tional Expression 2. In addition, compared with a case in
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which the arrangement does not satisfy Conditional Expres-
sion 1, the arrangement satistying Conditional Expression 1

may further reduce the mterval of the red LEDs between the
light emission clusters adjacent to each other and the interval
of the blue LEDs between the light emission clusters adjacent
to each other. As a result, the color unevenness between the
light emission clusters may be reduced. Therefore, each of the
light sources may be arranged so as to satisty only Condi-
tional Expression 1.

FIG. 5 shows an example of a case in which Conditional
Expressions 1 and 2 are satisfied. As seen in FIG. 5, the green
LEDs may not be arranged at the centers of the sub light
emission clusters.

Note that although FIG. 1 shows an example of a case 1n
which the light emission cluster have the four sub light emuis-
s10n clusters of the two rows and the two columns, the light
emission cluster may not have the sub light emission clusters.
FIG. 6 shows an example of a case 1n which the light emission
cluster does not have the sub light emission clusters. Since
Conditional Expression 2 1s satisfied also in the example of
FIG. 6, the color unevenness between the light emission clus-
ters may be reduced.

Note that the interval between the center of the light emis-
s1on cluster and the red LED of the light emission cluster and
the interval between the center of the light emission cluster
and the blue LED of the light emission cluster may be differ-
ent from each other. In addition, the interval of the red LEDs
between the light emission clusters adjacent to each other and
the mnterval of the blue LEDs between the light emission
clusters adjacent to each other may be different from each
other. With such a configuration, the color unevenness
between the light emission clusters may be reduced when
Conditional Expression 1, Conditional Expression 2, or both
of them are satistied.

Second Embodiment

Heremaftter, a description will be given of a light source
apparatus according to a second embodiment of the present
invention. The first embodiment describes the configuration
in which the three types of the light sources of the green, red,
and blue LEDs are used. The embodiment will describe a
configuration 1n which two types of light sources are used.
Specifically, the description will be given of the configuration
in which cyan LEDs (C light sources) serving as light sources
that emit the light of a cyan color and red LEDs (R light
sources) serving as light sources that emit the light of a red
color are used. A difference 1n the brightness of the red color
1s more easily percerved than a difference 1n the brightness of
the cyan color. Therefore, 1n the embodiment, the cyan color
1s a first color, the red color 1s a second color, the cyan LED 1s
a first light source, and the red LED 1s a second light source.

Note that the two types of the light sources are not limited
to the C light source and the R light source. For example, the
two types of the light sources may include a G light source
that emits the light of a green color and an M light source that
emits the light of a magenta color. In this case, the green color
1s the first color, the magenta color 1s the second color, the G
light source 1s the first light source, and the M light source 1s
the second light source.

FIG. 2 shows an example of the configuration of a light
source apparatus 200 according to the embodiment.

Like the first embodiment (FIG. 1), the light source appa-
ratus 200 has a plurality of light emission clusters 22 arranged
in a matrix pattern. In the example of FIG. 2, the light source
apparatus 200 has the nine light emission clusters 22 of three
rows and three columns. The brightness of light to be emutted
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1s controlled for each of the light emission clusters 22 when
local dimming control 1s performed.

Like the first embodiment (FIG. 1), the light emission
cluster 22 has four sub light emission clusters 23 of two rows
and two columns. The sub light emission cluster 23 has a cyan
LED 20 and ared LED 21. The cyan LED 20 1s a light source
that emits the light of the cyan color, specifically light
obtained by exciting light having a main wavelength range of
430 nm to 490 nm with a green fluorescent material. The light
emitted from the cyan LED 20 has spectral characteristics as
shown 1n, for example, FIG. 3. That 1s, the spectral charac-
teristics of the light emitted from the cyan LED 20 have, for
example, two peaks. In FIG. 3, the horizontal axis shows a
wavelength, and the vertical axis shows light emission inten-
sity. The red LED 21 1s a light source that emits the light of the
red color, specifically light having a main wavelength range
of greater than or equal to 611 nm.

A description will be given of the arrangement of the light
sources 1n the light source apparatus according to the embodi-
ment.

First, the arrangement of the cyan LEDs 20 serving as the
first light sources will be described.

In the embodiment, the cyan LED 20 1s arranged at the
center of each of the sub light emission clusters 23. In the
example of FIG. 2, the light emission region of the light
source apparatus 200 1s formed into a square. The light emis-
s1on region of the light emission cluster 22 1s a square region
obtained by evenly dividing the light emission region of the
light source apparatus 200 into the regions of three rows and
three columns. Further, the light emission region of the sub
light emission cluster 23 1s a square (square having a one-side
length of C2) region obtained by evenly dividing the light
emission region of the light emission cluster 22 into the
regions of two rows and two columns. Accordingly, 1n the
embodiment, the light source apparatus has the 36 sub light
emission clusters 23 in total. Further, the cyan LED 20 1s
arranged 1n each of the sub light emission clusters 23 such that
the interval of the cyan LEDs 20 in the horizontal (row) and
vertical (column) directions 1s C2. The cyan LED 20 1s a light
source that emits the light of brightness higher than that of the
red LED 21 when the light of a white color 1s obtained from
the light emission cluster. By the arrangement of such light
sources (cyan LEDs) at the centers of the sub light emission
clusters, brightness unevenness may be reduced when all the
light emission clusters are caused to emit light with the same
light emission brightness. In other words, by the arrangement
of the cyan LEDs at even intervals, brightness unevenness
may be reduced when all the light emission clusters are
caused to emit light with the same light emission brightness.

Next, a description will be given of the arrangement of the
red LEDs 21 serving as the second light sources.

As described above, a difference 1n the brightness of the red
color 1s more easily perceived than a difference 1n the bright-
ness of the cyan color. Therefore, a difference 1n the light
emission brightness of the red LEDs 21 between the light
emission clusters adjacent to each other is easily perceived as
color unevenness when the local dimming control 1s per-
formed.

Therefore, 1n the embodiment, the red LEDs 21 are
arranged such that the interval of thered LEDs 21 between the
light emission clusters adjacent to each other becomes small.
As aresult, a difference 1n the light emission brightness of the
red LEDs 21 between the light emission clusters adjacent to
cach other 1s hardly percerved, and the color unevenness
between the light emission clusters may be reduced.

The arrangement of the red LEDs 21 will be described
more 1n detail.
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In the embodiment, the red LEDs 21 are arranged so as to
satisty following Conditional Expressions 3 and 4. In Condi-
tional Expressions 3 and 4, A2 represents the interval between
a center P2 of the light emission cluster and the cyan LED 20
of the light emission cluster. B2 represents the interval
between the center P2 of the light emission cluster and the red
LED 21 of the light emission cluster. C2 represents the inter-
val of the cyan LEDs 20 between the light emission clusters
adjacent to each other (interval of the cyan LEDs 20 1n the
vertical and horizontal directions). D2 represents the interval
of the red LEDs 21 between the light emission clusters adja-
cent to each other.

A2=B? (Conditional Expression 3)

D2<C2 (Conditional Expression 4)

That 1s, 1n the embodiment, each of the light sources 1s
arranged such that the interval B2 becomes greater than or
equal to the interval A2 and the interval D2 becomes smaller
than the interval C2. By such an arrangement of the LEDs, the
interval of the red LEDs 21 between the light emission clus-
ters adjacent to each other may be smaller than the interval of
the cyan LEDs 20 between the light emission clusters adja-
cent to each other, and thus the color unevenness between the
light emission clusters may be reduced.

In the example of F1G. 2, the two LEDs (cyan LED and red
LED) of the sub light emission cluster arranged 1n the second
column of the first row among the four sub light emission
clusters of the two rows and the two columns are arranged
side by side 1n the direction of 45° relative to the horizontal
direction. The two LEDs of the sub light emission cluster
arranged 1n the first column of the second row are also
arranged side by side 1n the direction of 45° relative to the
horizontal direction. In addition, the two LEDs of the sub
light emission cluster arranged 1n the first column of the first
row and the two LEDs of the sub light emission cluster
arranged 1n the second column of the second row are arranged
side by side 1n the direction of 135° relative to the horizontal
direction.

By such an arrangement of the LEDs, Conditional Expres-
sions 3 and 4 are satisfied.

As described above, according to the embodiment, each of
the light sources 1s arranged so as to satisty above Conditional
Expressions 3 and 4. Thus, the color unevenness between the
light emission clusters caused when the local dimming con-
trol 1s performed by the light source apparatus including the
plurality of light emission clusters each having the light
sources of the plurality of colors may be reduced.

Note that like the first embodiment (FIGS. 4 to 6), the
configuration of the light source apparatus according to the
embodiment may also be modified 1n various ways.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-101238, filed on May 13, 2013, which
1s hereby incorporated by reference herein 1n 1ts entirety:.

What 1s claimed 1s:
1. A light source apparatus capable of controlling bright-
ness of light emitted for each light emission cluster,
the light source apparatus comprising:
a plurality of light emission clusters arranged in a matrix
pattern, wherein
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the light emission cluster has four sub light emission clus-
ters of two rows and two columns,

the sub light emission cluster has a plurality of light
sources, the plurality of light sources having a first light
source that emits light of a first color, a second light
source that emits light of a second color, and a third light
source that emits light of a third color, a difference in
brightness of the second and third colors being more
casily percerved than a difference 1 brightness of the
first color, and

an interval between a center of the light emission cluster
and the second light source of the light emission cluster
and an 1nterval between the center of the light emission
cluster and the third light source of the light emission
cluster 1s greater than or equal to an interval between the
center of the light emission cluster and the first light
source of the light emission cluster.

2. The light source apparatus according to claim 1, wherein

an 1nterval of the second light source between light emission
clusters adjacent to each other and an interval of the third light
source between the light emission clusters adjacent to each
other 1s smaller than an interval of the first light source of
between the light emission clusters adjacent to each other.

3. The light source apparatus according to claim 1, wherein

light emission brightness of each of the plurality of light
sources 1s controlled so as to emit light of a predeter-
mined color from the light emission cluster,

the first light source 1s a light source that emaits the light of
a highest brightness among the plurality of light sources,
and

the first light source 1s arranged at a center of the sub light
emission cluster.

4. The light source apparatus according to claim 1, wherein

the plurality of light sources includes an R light source that
emits light of a red color, a G light source that emits light
of a green color, and a B light source that emaits light of
a blue color,

the first light source 1s the G light source,

the second light source 1s the R light source, and

the third light source 1s the B light source.

5. The light source apparatus according to claim 1, wherein

the first and second light sources of the sub light emission

cluster arranged 1n a second column of a first row and the
first and second light sources of the sub light emission
cluster arranged 1n a first column of a second row among
the four sub light emission clusters are arranged side by
side 1n a direction of 45° relative to a horizontal direc-
tion, and

the first and second light sources of the sub light emission
cluster arranged 1n the first column of the first row and
the first and second light sources of the sub light emais-
s1on cluster arranged 1n the second column of the second
row among the four sub light emission clusters are
arranged side by side 1n a direction of 135° relative to the
horizontal direction.

6. The light source apparatus according to claim 1, wherein

the plurality of light sources are arranged 1n a straight line.

7. A light source apparatus capable of controlling bright-

ness of light emitted for each light emission cluster,

the light source apparatus comprising:
a plurality of light emission clusters arranged 1n a matrix
pattern, wherein
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the light emission cluster has a plurality of light sources,
the plurality of light sources having a first light source
that emits light of a first color, a second light source that
emits light ol a second color, and a third light source that
emits light of a third color, a difference in brightness of
the second and third colors being more easily perceived
than a difference 1n brightness of the first color, and

an mterval of the second light source between light emis-
s1on clusters adjacent to each other and an interval of the
third light source between the light emission clusters
adjacent to each other 1s smaller than an interval of the
first light source between the light emission clusters
adjacent to each other.

8. The light source apparatus according to claim 7, wherein

the light emission cluster has four sub light emission clus-
ters of two rows and two columns,

the sub light emission cluster has the plurality of light
sources,

light emission brightness of each of the plurality of light
sources 1s controlled so as to emit light of a predeter-
mined color from the light emission cluster,

the first light source 1s a light source that emits the light of
a highest brightness among the plurality of light sources,
and

the first light source 1s arranged at a center of the sub light
emission cluster.

9. The light source apparatus according to claim 7, wherein

the plurality of light sources includes an R light source that
emits light of a red color, a G light source that emaits light
of a green color, and a B light source that emaits light of
a blue color,

the first light source 1s the G light source,

the second light source 1s the R light source, and

the third light source 1s the B light source.

10. The light source apparatus according to claim 7,

wherein

the light emission cluster has four sub light emission clus-
ters of two rows and two columns,

the sub light emission cluster has the plurality of light
sources,

the first and second light sources of the sub light emission
cluster arranged 1n a second column of a first row and the
first and second light sources of the sub light emission
cluster arranged 1n a first column of a second row among
the four sub light emission clusters are arranged side by
side 1n a direction of 45° relative to a horizontal direc-
tion, and

the first and second light sources of the sub light emission
cluster arranged in the first column of the first row and
the first and second light sources of the sub light emis-
s1on cluster arranged 1n the second column of the second
row among the four sub light emission clusters are
arranged side by side 1n a direction of 135° relative to the
horizontal direction.

11. The light source apparatus according to claim 7,

wherein

the light emission cluster has four sub light emission clus-
ters of two rows and two columns,

the sub light emission cluster has the plurality of light
sources, and

the plurality of light sources are arranged 1n a straight line.
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